The pivotal aim of this article is to propose an efficient computational technique namely qhomotopy analysis transform method (q-HATM) to solve the linear and nonlinear time-fractional partial differential equation. In q-HATM iterative process, we investigate the behavior of independent variable for convergent series solution in admissible range. The q-HATM technique manipulates and controls the series solution, which rapidly converges to the exact solution in large admissible domain in a very efficient way. The solution procedure and explanation show the flexible efficiency of q-HATM, compared to other existing classical techniques for solving three different kind of time-fractional partial differential equations.
Introduction
Fractional order partial differential equations have gained importance and attraction during last decades in modeling natural phenomena such as fluid flow visco-lasticity, electrodynamics, heat and quantum mechanics etc. The use and importance of fractional partial differential equations (FPDE's) is much more complex and generalized compared to differential equations of integer order. The linear and nonlinear partial differential equations have attracted the scientists and engineers for their wide variety of applications in engineering, finance and science [1-3, 5, 6, 11, 17, 25] . The theory of fractional calculus is defined manly two types Riemann-Liouville and Caputo in differential and integral operators. The fractional derivatives and integrals are the generalization of the standard derivatives and integrals having genetic and nonlocal effects in material properties, studied and described by number of researchers such as Caputo [4] , Heydari et al. [12, 13] , Oldham and Spanier [23] , Podlubny [24] , Miller and Ross [22] , Samko et al. [30] , Kilbas et al. [15] , Yang et al. [34] and many others. In order to solve nonlinear differential equations various techniques have been used such as variational iteration scheme is employed to examine three-dimensional Navier-Stokes equations of flow between two stretchable disks [27] , differential transform method for solving Burgers' and nonlinear heat transfer equations [28] , homotopy perturbation technique for nonlinear vibration of von karman rectangular plates [29] , etc. In this article, we study the q-homotopy analysis transform method (q-HATM) to examine linear and nonlinear time-fractional partial differential equations with initial conditions. The q-HATM was proposed and de-veloped by Singh et al. [31, 32] to study nonlinear problems of integer and fractional orders. The q-HATM is a powerful mixture of q-homotopy analysis method (q-HAM) and Laplace transform. The q-HAM is introduced and nurtured by El-Tavil and Huseen [7, 8] is a modification of homotopy analysis method (HAM) [19, 20] . In recent years HAM has also been employed by using Laplace transform algorithm to study mathematical equations such as nonlinear boundary value problem on semi in finite domain [16] , nonlinear fractional BBMBerger equation [18] , fractional Lotka Volterra equation [26] , systems of fractional differential equations [10] , linear fractional wave equations [35] , fractional partial differential equations arising in physics [33] , etc. The q-HATM gives the series solution in considerably large domain, it provides us with a simple way to adjust and control the convergence region of the series solutions by introducing the auxiliary parameter and n, auxiliary function H(x,t), the initial guess u 0 (x, t). The auxiliary parameter , can be determined from -curve, corresponding to arbitrary selected n. In this paper, the MAPLE software is used to present graphs of solution and Caputo's definition is used to some concept of fractional derivatives.
Basic Tools
Definition 1. The Riemann-Liouville fractional integral operator of order α > 0, of a function f (x) ∈ Cµ , µ ≥ −1 is defined [24] as
The Riemann-Liouville fractional integral of a function f (x) = x υ is given as
Definition 2. The time-fractional derivative defined by Caputo [4] of a function f (x, t) is defined and illustrated in the following way
is a Caputo fractional derivative of functionf (x, t), then its Laplace transform is as follows [4, 15] 
Basic idea of q-HATM
In this section, we present the q-HATM algorithm. Firstly, we consider a nonlinear fractional differential equation of the form:
In the above Eq. (6), D α t u(x, t) indicates the Caputo fractional derivative of the function u(x, t), R is the linear differential operator, N represents the general nonlinear differential operator and g(x, t) is the source term.
Next, we apply the Laplace transform on Eq. (6), it gives the result
Employing the result (5), it yields
According to HAM [19, 20] , the nonlinear operator is defined as
Next, using the classical HAM [19, 20] , we construct a homotopy as follows
where L denotes the classical Laplace transform, n ≥ 1, q ∈ [0,
1 n ] is the embedding parameter, H(x, t) indicates a nonzero auxiliary function, ≠ 0 is an auxiliary parameter, u 0 (x, t) is an initial guess of u(x, t) and ϕ(x, t; q) is a unknown function. Obviously, when the embedding parameter q = 0 and q = 1 n , it gives the following results
respectively. Thus, as q increases from 0 to 1 n , the solution ϕ(x, t; q) varies from the initial guess u 0 (x, t) to the solution u(x, t). On expressing ϕ(x, t; q) in series form about q, it provides
where the value of um(x, t) is given as
On properly choosing the auxiliary linear operator, the initial guess, the auxiliary parameter n, and the auxiliary function, the series (12) converges at q = 1 n , then it gives one of the solutions of the original nonlinear equations of the form
According to the definition (14) , the governing equation can be found from the zero-order deformation (10) . Next, on differentiating the zeroth-order deformation Equation (10) m-times with respect to q and then dividing them by m! and finally setting q = 0, it yields
where the vectors are defined as
Further, on applying the inverse Laplace transform on Eq. (15), it gives the following recursive equation
where
and
Lastly, on solving Eq. (17), we obtain the components of the q-HATM series solution.
Numerical analysis of fractional differential equations
In this section, we demonstrate the efficiency and applicability of newly q-HATM to derive the approximate solution of linear and nonlinear partial differential equations of fractional order, we use auxiliary function H(x, t) = 1. Example 4.1. First of all, we investigate the following fractional nonlinear equation [21] .
with the initial conditions
As we have discussed in previous section, firstly we apply the Laplace transform on Eq. (20) and use the conditions given in (21) , it leads the result
Then, the nonlinear operator is defined and represented as
and thus the value of ℜ(⃗ u m−1 ) is presented as
The m th -order deformation equation is written in the manner
On applying the inverse Laplace transform, it gives the result
Now using the initial gauss u 0 (x, t) = x 2 (1 − 2t) and solving the above recursive equation, we get
. . . Therefore, the family of q-HATM series solution of Eq. (20) is given by
When we choose = −1, n = 1 and α = 2 then clearly, we can conclude that the obtained solution u(x, t) = ∑︀ N m=0 um(x, t) as N → ∞, converges to the exact solution
The Figs. 1-3 show the exact solution, HAM (q-HATM, n = 1) solution and absolute errors for Eq. (20) . From  Figs. 1-3 , we can notice that the results obtained by using suggested technique are very accurate. Fig. 4 shows the 4th order approximate q-HATM solution u(x, t) for Eq. (20) for different values of α. Figs. 5-6 show the -curves that represents the valid convergence range and the absolute convergence range (horizontal line segments) of for 4th order approximations series (27) . The valid convergence range of HAM (q-HATM, n = 1) is −2 ≤ < 0 and the valid convergence range of q-HATM (n = 10) is −20 ≤ < 0. Example 4.2. In this example we consider the following time-fractional differential equation in x, y-plane [9] as 
On employing the same procedure, we get the solution in series form as
. . . Therefore, the q-HATM series solution is presented as
If we select α = 2 and = −1, n = 1 then clearly, we can conclude that the obtained solution (32) 
On employing the same method, we get the solution in series form as 
. . . Therefore, the q-HATM approximate solution is
When we put = −1 and n = 1 then clearly, we can conclude that the obtained solution (36) converges to the exact solution
We analyze that the first and all higher iterations are vanished at = −1 and n = 1, only 2nd order q-HATM iteration found the exact solution. The Figs. 13-15 
Conclusions
In this article, a numerical algorithm based on q-HATM has been used to investigate the linear and nonlinear fractional problems. From the results, the clear conclusion is that q-HATM is generalized algorithm and provide the many more acceptable series solution which directly converges to HPM, VIM, ADM solution at = −1 and n = 1 and HAM at n = 1. The explanation and convergence speed of q-HATM series solution in large admissible domain show the very high accuracy and performance of this approach to other existing methods. 
